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e.  Technical  Reports  Published  and  Papers  Published  in  Non-Refereed  Journals 

1.  J.H.  Weaver,  "Clusters,  Their  Growth,  and  Their  Interaction  with  Surfaces,"  Naval 
Research  Reviews,  Office  of  Naval  Research,  Three  / 1991,  Vol.  XLm,  pp  16-27. 


/.  Patents  Filai 

None 


g.  Patents  Granted 
None 
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h.  Invited  Presentations  at  Topical  or  Scientific/Technical  Society  Conferences 

1.  J.H.  Weaver,  "Reactions  at  Metal/Semiconductor  Interfaces,"  Workshop  on  Synchrotron 
Radiation  Research,  The  University  of  Western  Ontario,  London,  Ontario,  Canada,  March 
1987. 

2.  J.H.  Weaver,  "Metal/Semiconductor  Interface  Formation,"  Asia-Pacific  Symposium  on 
Surface  Physics,  Shanghai,  China,  April  1987. 

3.  J.H.  Weaver,  Invited  lectures  on  metal/semiconductor  interface  formation  and  synchrotron 
radiation  photoemission.  Institutes  for  Physics,  Semiconductor  Physics,  and  High  Energy 
Physics,  Chinese  Academy  of  Sciences,  Beijing,  April  1987. 

4.  J.H.  Weaver,  "Electronic  Structures  of  Defects  and  Disordered  Solids,"  US-Japan  Seminar 
on  Electronic  Structure  and  Lattice  Defects  in  Alloys,  Honolulu,  Hawaii,  May  1987. 

5.  J.H.  Weaver,  "Growth  and  Characterization  of  Metal  Overlayers  on  Compound 
Semiconductors,"  AIChE  Conference  on  Emerging  Technologies  in  Materials, 
Minneapolis,  Minnesota,  August  1987. 

6.  Zhangda  Lin  and  J.H.  Weaver,  "Surface  Segregation  at  Metal/HI-V  Semiconductor 
Interfaces,"  Solvay  Conference  on  Surface  Science,  Austin,  Texas,  December  1987. 

7.  J.H.  Weaver,  "The  Physics  and  Chemistry  of  Interfaces,"  Keynote  lecture,  "Advanced 
Materials:  Science- and  Applications,"  The  Royal  Society  of  Canada,  Windsor,  Ontario, 
Canada,  June  1988. 

8.  J.H.  Weaver,  "Metal-Semiconductor  Interfaces,"  World  Materials  Congress:  Interface 
Science  and  Engineering,  Chicago,  September  1988. 

9.  J.H.  Weaver,  "Surface  and  Interface  Properties  of  Semiconductors  and  High  T^. 
Superconductors,"  Argonne  Colloquium  on  Frontiers  of  Surface  Analysis,  Argonne, 
September  1988. 

10.  J.H.  Weaver,  "Physics  and  Chemistry  of  Metal/Semiconductor  Interfaces,"  Symposium  on 
Chemistry  and  Defects  in  Semiconductor  Heterostructures,  Spring  Meeting  of  the 
Materials  Research  SocieQ^,  San  Diego,  April  1989. 

11.  J.H.  Weaver,  "Physics  and  Chemistry  of  Metal/Semiconductor  Interfaces,"  American 
Vacuum  Society,  /dbuquerque.  May  1989. 

12.  J.H.  Weaver,  "Reactions  at  Semiconductor  Interfaces,"  Special  Seminar  Series  on 
Electronic  Materials:  A  New  Era  of  Materials  Science,  University  of  Minnesota, 
Minneapolis,  May  1989. 

13.  J.H.  Weaver,  "Adatom  Interactions  on  Semiconductor  Surfaces,"  American  Vacuum 
Society,  College  Station,  September  1989. 

14.  J.H.  Weaver,  "Physics  and  Chemistry  of  Metal/Semiconductor  Interf^es,"  International 
Conference  on  Semiconductor  and  Integrated  Circuit  Technology,  Beijing,  October  1989. 
[Conference  cancelled] 

15.  J.H.  Weaver,  "Temperature-,  Dopant-Concentration-,  and  Coverage-Dependent  Schottky 
Barrier  Formation,"  36th  National  Symposium  of  the  American  Vacuum  Society,  Boston, 
Octc^  1989. 

16.  J.H.  Weaver,  NSF  Workshop  on  "Interfaces  and  Atomic,  Molecular,  and  Surface 
Physics,"  Perth,  Australia,  February  1990.  [Unable  to  attend.] 
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17.  J.H.  Weaver,  "Mctal/Scmiconductor  Interfaces:  Temperature-Dependent  Atom  and  Cluster 
Deposition,"  Australian  Physical  Society,  Perth,  Australia,  February  1990.  [Unable  to 
attnid.] 

18.  J.H.  Weaver,  "Temperature-,  Dopant-Concentration-,  and  Coverage-Dependent  Schottky 
Barrier  Formation,"  Seventeenth  Annual  Conference  on  Physics  &  Chemistry  of 
Semiconductor  Interfaces,"  Clearwater  Beach,  Florida,  February  1990. 

19.  J.H.  Weaver,  "Temperature-,  Dopant-Concentration-,  and  Coverage-Dependent  Schottky 
Barrier  Formation  for  III-V  Semiconductors,"  Symposium  on  Metallization  for 
Electronics  Applications,  Annual  Meeting  of  The  Minerals,  Metals  and  Materials  Society, 
Anaheim,  February  1990. 

20.  J.H.  Weaver,  "Metal/Semiconductor  Interfaces:  Temperature-Dependent  Atom  and  Cluster 
Deposition,"  Eighth  International  Conference  on  Thin  Films  (ICTF-8),  San  Diego,  April 
1990. 

21.  J.H,  Weaver,  "Clusters  and  Cluster- Assembled  Interfaces,"  Materials  Research  Society, 
Boston,  November  1990, 

22.  J.H.  Weaver,  Distinguished  Lecturer,  NSF  Workshop  on  "Thin  Film  Science  and 
Technology  for  the  21st  Century,"  Evanston,  Illinois,  July/ August  1991. 

23.  J.H.  Weaver,  "Clusters  and  Cluster-Assembled  Interfaces,"  Gordon  Conference,  Brewster 
Academy,  Wolfeboro,  New  Hampshire,  August  1991, 


{,  Contributed  Presentations  at  Topical  or  ScienHficITechnical  Society  Conferences 

1.  F.  Xu,  Yoram  Shapiia,  J.J.  Joyce,  F,  Boscherini,  D.M.  Hill,  S.A.  Chambers,  and  J.H. 
Weaver,  "Determining  Concentration  Profiles  for  Metal/IH-V  Interfaces:  Au/GaAs(100), 
Au/InSb(l  10),  Co/GaAs(100),"  FourteenUi  Armual  Conference  on  Physics  and  Chemist^ 
of  Semiconductor  Intofaces,  Salt  Lake  City,  January  1987. 

2.  M.  del  Giudice,  J.J.  Joyce,  and  J.H.  Weaver,  "Core  Level  Binding  Energy  Shifts, 
Thermodynamic  Predictions,  and  Morphologies  for  Metal/Si  and  Metal/Ge  Interfaces," 
American  Physical  Society  Meeting,  New  York,  March  1987. 

3.  M.  del  Giudice,  R.A.  Butera,  J.J.  Joyce,  M.W.  Ruckman,  and  J.H.  Weaver,  "Temperature 
Dependent  Intermixing  at  the  V/Ge(lll)  Interface,"  American  Physical  Society  Meeting, 
New  York,  March  1987. 

4.  J.J.  Joyce,  M,  Grioni,  M,  del  Giudice,  C.  Aldao,  and  J.H.  Weaver,  "Interface  Development 
of  Rarc-Earth/III-V  Semiconductor  Interfaces:  Ce/GaAs(110)  and  Ce/InP(110)," 
Amoican  Physical  Society  Meeting,  New  York,  March  1987. 

5.  F.  Boscherini,  Y.  Shapira,  C.  Capasso,  C.  Aldao,  M.  del  Giudice,  and_J.H.  Weaver, 
"Exchange  Reaction,  Clustering,  and  Surface  Segregation  at  the  Al/InSb(l  10)  Interface," 
American  Physical  Society  Meeting,  New  Yoric,  March  1987. 

6.  S.A.  Chambers,  I.M.  Vitomirov,  S.B.  Anderson,  H.-W.  Chen,  T.J.  Wagener,  and  J.H. 
Weaver,  "High-Energy  Auger  and  Medium-Energy  Backscattered  Electron  Diffraction  as 
a  Probe  of  Ultra-Thin  Epitaxial  Overlayers,  Sandwiches,  and  Superlattices,"  Third 
International  Conference  on  Superlattices,  Microstructures,  and  Microdevices,  August 
1987. 
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7.  J.J.  Joyce,  C.  Aldao,  B.M.  Trafas,  and  J.H.  Weaver,  "Island  Formation  and  Metallic 
Screening  at  the  In/Semiconductor  Interface,"  20th  Annual  Synchrotron  Radiation  Center 
Users  Group  Meeting,  Stoughton,Wisconsin,  October  1987. 

8.  C.M.  Aldao,  I.M.  \^tomirov,  F.  Xu,  and  J.H.  Weaver,  "Photoemission  Studies  of  a 
Nonabrupt  Heterojunction:  Ge/InP(110),"  20th  Annual  Synchrotron  Radiation  Center 
Users  Group  Meeting,  Stoughton, Wisconsin,  October  1987. 

9.  I.M.  Vitomirov,  F.  Xu,  C.M.  Aldao,  and  J.H.  Weaver,  "Direct  Evidence  of  the  Onset  of 
Indium  Surface  Segregation  for  Co/InP(110),"  34th  National  Symposium  of  the  American 
Vacuum  Society,  Anaheim,  November  1987. 

10.  C.M.  Aldao,  I.M.  Vitomirov,  and  J.H.  Weaver,  "CoSi2  Diffusion  Barrier  Modulation  of 
the  Au/Si(l  11)  Interface  Reaction,"  34th  National  Symposium  of  the  American  Vacuum 
Society,  Anaheim,  November  1987. 

11.  D.M.  Hill,  F.  Xu,  Zhangda  Lin,  and  J.H.  Weaver,  "XPS  Measurement  of  Kinetic 
Parameters  in  the  Ge/Si(lll)-(7x7)  Heterojunction  at  Elevated  Temperatures,"  34th 
National  Symposium  of  the  American  Vacuum  Society,  Anaheim,  November  1987. 

12.  S.A.  Chambers,  H.-W.  Chen,  T.J.  Wagener,  and  J.H.  Weaver,  "Nucleation  and  Growth  of 
Ultra-Thin  Met^c  Overlayers  on  Single-Crystal  Transition  Metal  Surfaces,"  34th  National 
Symposium  of  the  American  Vacuum  Society,  Anaheim,  November  1987. 

13.  M.  \bs,  F.  Xu,  J.H.  Weaver,  and  H.  Cheng,  "Schottky  Barrier  Formation  at  AuyZnSe(lOO) 
Interfaces,"  35th  National  Symposium  of  the  American  Vacuum  Society,  Atlanta,  October 
1988. 

14.  Yongjun  Hu,  T.J.  Wagener,  Y.  Gao,  and  J.H.  Weaver,  "Cluster  Growth  and  the  Evolution 
of  Empty  Electronic  States,"  35th  National  Symposium  of  the  American  Vacuum  Society, 
Atlanta,  October  1988. 

15.  G.D.  Waddill,  C.M.  Aldao,  I.M.  Vitomirov,  Y.  Gao,  and  J.H.  Weaver,  "Influence  of 
Temperature  on  Interface  Reactions  and  Schot^  Barrier  Evolution  for  Au/^(1 10),"  35th 
National  Symposium  of  the  American  Vacuum  Society,  Atlanta,  October  1988. 

16.  C.M.  Aldao,  I.M.  Vitomirov,  G.D.  Waddill,  and  J.H.  Weaver,  "Morphology  and  Schottky 
Barrier  Evolution  for  Au/InP(l  10):  Deposition  of  Hot  Atoms  versus  Cold  Ousters,"  35th 
National  Symposium  of  the  American  Vacuum  Society,  Atlanta,  October  1988. 

17.  I.M.  Vitomirov,  C.M.  Aldao,  and  J.H.  Weaver,  "In  Search  of  Symmetry:  Evolution  of  the 
In/GaP(110)  and  Ga/InP(110)  Interfaces,"  35th  National  Symposium  of  the  American 
Vacuum  Society,  Atlanta,  October  1988. 

18.  G.D.  Waddill,  C.M.  Aldao,  I.M.  Vitomirov,  and  J.H.  Weaver,  "Interface  Formation  by 
Atom  and  Cluster  Deposition:  Electronic  and  Structural  I^perties,"  21st  Annual 
Synchrotron  Radiation  Users  Group  Meeting,  Stoughton,  Wisconsin,  October  1988. 

19.  C.M.  Aldao,  G.D.  Waddill,  S.G.  Anderson,  and  J.H.  Weaver,  "Temp^turc  Effects  on 
Ti/GaAs(l  10)  Interface  Formation  Involving  Cluster  and  Atom  Deposition,"  16th  Annual 
Conference  on  the  Physics  and  Chemistry  of  Semiconductor  Interfaces  (PCSI-16), 
Bozeman,  Januaiy  1989. 

20.  J.H.  Weaver,  C.M.  Aldao,  G.D.  Waddill,  and  S.G.  Anderson,  "Temperature  Effects  for 
Ti/GaAs(110)  Interface  Formation  Involving  Cluster  and  Atom  Deposition,"  Electronic 
Materials  Conference,  Boston,  June  1989. 
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21.  C.M.  Aldao,  M.  Vos,  and  J.H.  Weaver,  "Intaface  Formation  with  Metal  Ions  and  Neutrals: 
Influence  on  Interface  Morphology  and  Schottky  Barrier  for  Ag/InP(l  10),"  36th  National 
Symposium  of  the  American  Vacuum  Society,  Boston,  October  1989. 

22.  G.D.  Waddill,  C.M.  Aldao,  and  J.H.  Weaver,  "Symmetric  Fermi  Level  Evolution  at  Metal- 
Semiconductor  Interfaces:  The  Role  of  Substrate  Dopant  Concentration,"  36th  National 
Symposium  of  the  American  Vacuum  Society,  Boston,  October  1989. 

23.  S.G.  Anderson,  S.J.  Severtson,  and  J.H.  Weaver,  "Temperature  Dependent  Al/GaAs(l  10) 
Interface  Formation  and  Adatom  Energy  References,"  36th  National  Symposium  of  the 
American  Vacuum  Society,  Boston,  October  1989. 

24.  I.M.  Womirov,  G.D.  Waddill,  and  J.H.  Weaver,  "Surface  Interactions  of  Adatoms  with 
GaAs(llO):  Reversible  Temperature  Dependent  Charge  Redistribution,"  36th  National 
Symposium  of  the  American  Vacuum  Society,  Boston,  October  1989. 

25.  B.M.  Trafas,  C.M.  Aldao,  R.L.  Siefeil,  M.  Vos,  F.  Xu,  and  J.H.  Weaver,  "CdTe(l  10) 
Interface  Formation:  Disruption,  Cluster  Formation,  Segregation,  and  Metal-Anion 
Reaction  Products  with  Adatoms  of  Ti,  Pd,  Ag,  In,  Au,  Ce,  and  Al,"  36th  National 
Symposium  of  the  American  Vacuum  Society,  Boston,  October  1989. 

26.  G.D.  Waddill,  T.  Komeda,  P.J.  Benning,  and  J.H.  Weaver,  "Photoelectron  Spectroscopy 
and  Microscopy  with  Synchrotron  Radiation,"  37th  National  Symposium  of  the  American 
Vacuum  Society,  Toronto,  October  1990. 

27.  T.  Komeda,  B.M.  Trafas,  D.M.  Hill,  J.M.  Seo,  R.L.  Siefert,  M.C.  Schabel,  and  J.H. 
Weaver,  "Adsorption  and  Interaction  of  Sm  cm  GaAs(l  10)  Studied  by  Scanning  Tunneling 
Microscopy  and  Temperature  Dependent  Photoemission,"  37th  National  Symposium  of 
the  American  Vacuum  Society,  Toronto,  October  1990. 

28.  P.J.  Benning,  G.D.  Waddill,  T.  Komeda,  and  J.H.  Weaver,  "Photoelectron  Microscopy  and 
Spectroscopy  using  Synchrotron  Radiation,"  23rd  Annual  Synchrotron  Radiation  Users 
Group  Meeting,  Stoughton,  Wisconsin,  November  1990. 

29.  G.D.  Waddill,  P.J.  Benning,  and  J.H.  Weaver,  "Cluster  Assembly  of  Interfaces,"  23rd 
Annual  Synchrotron  Radiation  Users  Group  Meeting,  Stoughton,  Wisconsin,  November 
1990. 

30.  B.M.  Trafas,  Y.-N.  Yang,  R.L.  Siefert,  and  J.H.  Weaver,  "From  Clusters  to  Crystallites: 
Scanning  Tunneling  Microscopy  of  Ag  Growth  on  GaAs(llO),"  March  Meeting  of  the 
Airttrican  Physical  Society,  Cincinnati,  Ohio,  March  1991. 

31.  J.C.  Patrin,  Y.Z.  Li,  and  J.H.  Weaver,  "Cluster  Growth  of  Al  on  GaAs(llO)  Studied  by 
Scanning  Tunneling  Microscopy,"  March  Meeting  of  the  American  Physical  Society, 
Cincinnati,  Ohio,  M^h  1991. 

32.  Y.Z.  Li,  J.C.  Patrin,  M.  Chander,  and  J.H.  Weaver,  "Scanning  Tunneling  Microscopy  of 
Ce,  Sm,  and  Yb  Structures  on  GaAs(llO),"  March  Meeting  of  the  American  Physical 
Society,  Cincinnati,  Ohio,  March  1991. 

33.  Y.-N.  Yang,  B.M.  Trafas,  R.L.  Siefert,  and  J.H.  Weaver,  "GaAs(llO)  Terrace  Width 
Distributions  and  Kink  Formation,"  March  Meeting  of  the  American  Physical  Society, 
Cincinnati,  Ohio,  March  1991. 

34.  P.J.  Benning,  G.D.  Waddill,  T.  Komeda,  and  J.H.  Weaver,  "Photoelectron  Microscopy  and 
Spectroscopy  using  Synchrotron  Radiation,"  13th  Symposium  on  Applied  Surface 
Science,  Minneapolis,  Mitmesota,  June  1991. 
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35.  Y.Z.  Li,  J.C.  Patrin,  and  J.H.  Weaver,  "Cluster  Growth  of  A1  on  GaAs(llO)  Studied  by 
Scanning  Tunneling  Microscopy,"  13th  Symposium  on  Applied  Surface  Science, 
Minneapolis,  Minnesota,  June  1991. 

36.  Y.N.  Yang,  Y.S.  Luo,  and  J.H.  Weaver,  "The  Impact  of  Anisotropic  Kinetics  on  Epitaxial 
Growth:  An  STM  Study  of  Ge/GaAs(llO),"  March  Meeting  of  the  American  Physical 
Society,  Indianapolis,  IntEana,  March  1992. 

37.  Y.S.  Luo,  Y.-N.  Yang,  J.H.  Weaver,  L.T.  Florez,  and  C.J.  Palmstrpm,  "Effects  of 
Annealing  on  the  Surface  Morphology  of  Decapped  GaAs(OOl),"  39th  National 
Symposium  and  Topical  Conferences  of  the  American  Vacuum  Society,  Chicago,  Illinois, 
November  1992.. 


j.  HonorslAwardslPri7.es 

Physics  News  in  1990  (American  Institute  of  Physics)  for  Cluster  Assembly  of  Interfaces. 
Naval  Research  Reviews  for  Studies  of  Clusters 

Elected  Fellow  of  the  American  Physical  Society  with  a  citation  that  reads  “For  studies  of 
the  fundamental  parameters  associated  with  overlayer  growth  on  surfaces,  with  particular 
note  of  the  development  of  cluster  assembly  as  a  means  of  creating  novel  interface 
structures.” 

k.  Number  of  Graduate  Students  Receiving  Full  or  Partial  Support  on  ONR  Contract 
6 


/.  Number  of  Postdoctoral  Fellows  RecgjyimFuU  or  Partial  SupporUm  ONR  Contract 

8 
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Partn 

a.  Prineioal  investigator 

John  H.  Weaver 
University  of  Minnesota 

Department  of  Chemical  Engineering  &  Materials  Science 
ISl  Amundson  Hall 
421  Washington  Ave.  SE 
Minneapolis,  MN  55455 


b.  Cognizant  ONR  Scientific  Officer 
Dr.  Clifford  Lau  /  Dr.  John  Pazik 


c.  Current  telephone  number:  (612)625-6548 

[FAX;  612-625-6043]  Internet:  weave001@staff.tc.umn.edu 


d.  Brief  description  of  project 

This  program  focused  on  the  growth  of  metallic  overlayers  on  semiconductor  surfaces.  Its 
goal  was  to  investigate  interface  chemistry  for  a  wide  variety  of  metal-semiconductor 
systems  and  determine  the  growth  structures  produced  by  varying  the  metal  and  the 
processes  of  deposition.  It  was  hoped  that  defect-free  interfaces  could  be  created  by 
controlling  the  chemistry  or  the  gro^  process  itself.  Indeed,  a  novel  process  involving 
cluster  deposition  was  developed  and  shown  to  give  interfaces  that  were  free  of 
conventional  semiconductor  defects. 


e.  Significant  results  of  this  project 

Throughout  this  program,  we  sought  to  use  modern  surface  science  techniques  to 
investigate  the  chemical  and  physical  properties  of  metal-semiconductor  interfaces.  Over  a 
six  year  period,  we  were  able  to  amass  a  large  amount  of  information  regarding  semi¬ 
conductor  surface  disruption  induced  by  the  growing  metal  overlayers,  interface 
intermixing,  and  overlayer  structures.  This  program  produced  approximately  48  refereed 
publications,  3  book  chapters,  and  23  invited  papers.  The  cluster-assembly  process 
received  particular  attention,  being  featured  in  Science,  Naval  Research  Reviews,  and  a 
large  number  of  speaking  invitations. 

Our  studies  pioneered  the  use  of  high  resolution  synchrotron  radiation  photoemission  as  a 
probe  of  the  local  environment  produced  on  a  surface  as  a  result  of  adatom  condensation, 
surface  reaction,  the  formation  of  stable  at  metastable  surface  species,  and  the  development 
of  the  metal  overlayer.  We  showed  that  the  evolution  of  the  interface  could  be  followed 
very  precisely  by  analysis  of  core  level  binding  energies  and  emission  intensities,  giving 
previously  unavailable  insight  into  surface/interface  chemical  configurations.  Moreover, 
general  patterns  were  discovered  that  reflected  tendencies  to  react  with  either  the  anion  or 
cation  of  the  semiconductor  and  expell  the  other  com^wnent  from  the  (nanoscale)  reacting 
zone.  The  expelled  species  was  shown  to  play  an  important  role  in  overall  overlaycr 
structures  because,  by  segregating  to  the  surface  of  the  forming  layer,  they  changed  the 
surface  free  energy. 


V 
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Our  program  pioneered  investigations  of  interface  properties  for  interfaces  produced  at  low 
temperature.  Those  studies  showed  the  effects  of  kinetics  on  interface  reaction  and 
segregation,  demonstrating  kinetic  trapping  that  produced  a  nonequilibrium  overlayer 
structure.  Temperature-  and  dopant-concentration-dependent  studies  of  growth  on  GaAs, 
InP  and  Si  demonstrated  the  importance  of  the  surface  photovoltage  in  determining  the 
position  of  the  surface  Fermi  level  and,  hence,  the  apparent  Schottky  barrier  for  very  thin 
layers.  Such  effects  made  it  possible  to  determine  the  onset  of  metallic  character  and 
electrical  transport  at  the  surface. 

Under  this  program  we  developed  and  explored  processes  associated  with  cluster 
deposition.  The  motivation  was  to  produce  an  interface  structure  that  was  free  of  the 
disruption  and  chemical  modification  inherent  with  atom-by-atom  deposition.  Our  work 
showed  that  defect-free  interfaces  could  be  formed  by  cluster  deposition  because  the  latter 
offered  a  unique  thermodynamic  pathway.  In  particular,  we  demonstrated  that  clusters 
could  be  formed  at  low  temperature  on  a  rare  gas  layer  by  exposing  it  to  a  flux  of 
impinging  metal  atoms.  If  this  buffer  layer  is  formed  on  a  clean  semiconductor  surface, 
then  the  clusters  could  be  brought  into  contact  with  the  semiconductor  surface  simply  by 
warming  the  sytem  to  desorb  the  rare  gas.  Effectively,  this  process  brought  a  cluster 
composed  of  hundreds  or  thousands  of  atoms  (and  therefore  a  parcel  of  matter  having 
properties  that  were  almost  bulk-like)  into  contact  with  a  solid  under  conditions  of  extreme 
cleanliness  and  minimal  thermal  energy.  For  GaAs(l  10)  surfaces,  we  showed  Fermi  level 
positions  in  the  bandgap  that  demonstrated  the  absence  of  conventional  pinning  sites  in  the 
semiconductor  and  the  formation  of  ideal  boundary  layers. 
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